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Large  yellow  croaker  (LYC),  Pseudosciaena  crocea  is  an  economically  important  ﬁsh  species of  maricul-
ture in China.  The  variation  of  yearly  production  of LYC  has  been  increasingly  related  to  the outbreaks  of
ﬁsh diseases.  Moreover,  Vibrio  infections  have  been  identiﬁed  in  this  ﬁsh  frequently.  To  understand  the
pattern  of  Vibrio  infections  in  LYC, we  conducted  a  culture-independent  survey  of Vibrios  in farmed  LYCeywords:
ibrio
arge yellow croaker
ultiplex PCR
populations  using  a multiplex  PCR  method  targeting  Vibrio  alginolyticus,  Vibrio  harveyi  and  Vibrio  para-
haemolyticus.  The  results  showed  that  three  ﬁsh  pathogenic  Vibrios  had been  detected  in LYC  populations
at  each  sampling  with  a prevalence  ranging  from  6.7%  to 73.3%  but  no  single  species  dominated  the Vibrio
infection.  The  ﬁndings  indicate  that  three  Vibrio  species  still  have  impact  on health  status  of  farmed  LYC
and  LYC  aquaculture  requires  more  efﬁcacious  prophylactic  strategies.
Publipidemiology © 2016  The  Author(s).  
. Introduction
Large yellow croaker, a croaker species native to the western
aciﬁc along East Asia, is a commercially important ﬁnﬁsh in the
quaculture industry along the coastline of East China Sea. The LYC
roduction was estimated as more than 120,000 tones valued about
.8 billion dollars in 2014. When the development of LYC culture
s burgeoning, problems for this industry has also emerged such
s unsustainable carrying capacity, water pollution, and disease
utbreaks (Liu et al., 2008; Chen et al., 2003). For ﬁsh diseases in
YC, bacterial pathogens are the common causative agents includ-
ng Vibrio,  Nocardia and Pseudomonas species (Chen et al., 2008;
ian and Wu,  2003; Jin et al., 2004a,b; Wang et al., 2005; Yan et al.,
007; Zhang et al., 2008; Zhang et al., 2013). Among these bacteria,
ibrio species has been reported as a major bacterial group to cause
lceration or systematic infection in LYC (Zheng et al., 2002).
As a part of the natural microbiota of estuarine and marine
cosystems, Vibrio species account for a large portion of culturable
eterotrophic bacteria in marine environments (Eilers et al., 2000;
rakawa and Rivera, 2006). Vibrio species frequently encounter a
ide-range of hosts including zooplankton, shellﬁsh, crustacean
nd ﬁshes. Relationship between these Vibrio species and hosts
an range from mutualistic symbiosis to pathogenic relation-
∗ Corresponding author.
E-mail address: wangguoliang@nbu.edu.cn (G. Wang).
ttp://dx.doi.org/10.1016/j.aqrep.2016.04.004
352-5134/© 2016 The Author(s). Published by Elsevier B.V. This is an open access articleshed  by Elsevier  B.V.  This  is an  open  access  article under  the  CC  BY license
(http://creativecommons.org/licenses/by/4.0/).
ships. Regarding aquaculture industry, several Vibrio species are
opportunistic pathogens to cultured ﬁnﬁsh, shellﬁsh, and shrimp
(Borrego et al., 1996; Gauger et al., 2006; Joshi et al., 2014;
Lee, 1995; Zhang and Austin, 2000; Austin and Austin, 2007).
For instance, Vibrio harveyi, Vibrio alginolyticus and Vibrio para-
haemolyticus were frequently isolated from LYC and associated with
the diseases of ﬁsh host (Jin et al., 2004a,b). However, few study has
been focused on the prevalence of these three bacteria species in
farmed LYC populations of different ages throughout the year.
In present study, we  investigated the prevalence of V. alginolyti-
cus, V. harveyi and V. parahaemolyticus in LYC populations farmed
in sea cages in Xiangshan Bay, China for two consecutive years
expect cold months. Outwards to East China Sea, Xianshan Bay is
semi-closed and near-shore water body located at subtropical zone,
harboring intensive sea-cage aquaculture. The bay has become an
important region of mariculture in China, and LYC aquaculture has
highest production among all ﬁnﬁsh in this region. Understanding
the prevalence of ﬁsh pathogenic Vibrio species in farmed LYC pop-
ulation will be in aid of disease prevention in ﬁsh, and therefore,
beneﬁt to the aquaculture industry.
2. Materials and methods2.1. Bacteria strains, culture and DNA extraction
V. alginolyticus ATCC17749, V. harveyi ATCC 33842 and V. para-
haemolyticus ATCC17802 were used as positive control strains in
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Detection using the multiplex PCR system. The multiplex PCR system was
tested on DNA puriﬁed from Vibrio alginolyticus ATCC17749 (lane 1), V. harveyi ATCCL. Liu et al. / Aquacultu
his study. Bacterial cultures were grown in tryptic soy broth (Bac-
on, MD,  USA) supplemented with 1% Sodium Chloride. Total DNA
as isolated from 1 ml  of overnight cultures for all the bacterial
trains. Total genomic DNA was isolated using a modiﬁed version
f the Cetyltrimethylammonium bromide (CTAB) method (Allen
t al., 2006). The extracted DNA was dissolved in TE buffer, quanti-
ed using the Nano-Drop ND-1000 spectrophotometer (NanoDrop
echnologies, Inc., Wilmington, DE, USA) and adjusted to a ﬁnal
oncentration of 100 ng/l. DNA samples were stored at −80 ◦C
ntil further analysis.
.2. Fish samplings and DNA extraction
All large yellow croaker samples were randomly collected from
ea cages in a ﬁsh farm in Xiangshan Bay, Ningbo, China (29.54◦N,
31.76◦E). A total of 26 sampling efforts were carried out from May
o November 2012 and from May  to December 2013 on a monthly
asis. In order to evaluate the factor of ﬁsh age to Vibrio infec-
ions, we collected samples including three batches of large yellow
roaker, which were hatched in the spring of 2010, 2011 and 2012,
espectively. The LYC ﬁngerling originated from the same hatchery
n Fujian Province, China. At the time point of each sampling, we
esignated ﬁsh with less than 12 months as age group Y1, from 12 to
4 months as age group Y2, and from 24 to 36 months as age group
3. In each sampling, 10 ﬁsh were collected in each group except we
nly caught 6 ﬁsh for a group during a sampling in 2012 due to bad
eather. All the ﬁsh was transported to laboratory in tanks with
eration less than an hour. Upon arrival to the laboratory, the ﬁsh
ere etherized with anesthetic overdose. Aseptically, about 0.2 g
f liver, spleen, kidney or muscle tissues were taken from each ﬁsh
or DNA extraction. Total genomic DNA was extracted as described
bove. The DNAs were adjusted to a ﬁnal concentration of 150 ng/l
nd then stored at −80 ◦C until further analysis.
.3. Multiplex PCR assay
To detect all 3 Vibrio species in a single reaction, we developed
 multiplex-PCR using a set of primers speciﬁc to V. harveyi, V.
lginolyticus and V. parahaemolyticus which were adapted from pre-
ious studies (Di Pinto et al., 2005; Pang et al., 2006). The primer
equences used in the multiplex PCRs are described in Table 1.
A touch-down PCR strategy was employed for the test of anneal-
ng temperature to accommodate all primers in one reaction.
he PCR reaction was performed in a 25 l volume contained
 × GoldStar Best MasterMix [1 × GoldStar Best PCR reaction buffer,
.5 mM MgCl2, 1.25 unit of GoldStar Best DNA Polymerase and
00 M deoxynucleotide triphosphate (dATP, dCTP, dGTP and
TTP)] (CWbiotech, Beijing, China); 10 pmol (each) primers for V.
lginolyticus and V. harveyi, and 5 pmol primer for V. parahaemolyti-
us; and 100–200 ng of template DNA. The PCR assay includes a
ositive control (an equimolar DNA mixture of V. alginolyticus,
. harveyi, and V. parahaemolyticus),  and a negative control (pure
DNA extracted from LYC muscle tissue).
The PCR ampliﬁcation was carried out in a Bio-Rad T100 thermal
ycler with the following thermal cycling proﬁle: an initial denat-
ration at 94 ◦C for 10 min, followed by 12 cycles of 94 ◦C for 30 s,
0 ◦C for 30 s (decreased by 1 ◦C per 4 cycles) and 72 ◦C for 60 s, and
3 cycles of 94 ◦C for 30 s, 55 ◦C for 30 s and 72 ◦C for 60 s; and then
 ﬁnal extension at 72 ◦C for 5 min.
.4. Detection of targeted Vibrios in ﬁshFor the bacterial detection in ﬁsh samples, the multiplex PCR
ssay was performed with 150 ng of total DNA extracted from ﬁsh
issue (liver, spleen, kidney or muscle) as described above. The reac-
ion product was analyzed by electrophoresis in 1.5% agarose gel33842 (lane 2), V. parahaemolyticus ATCC 17802 (lane 3), mixed DNA  of three Vibrios
(lane 4), Vibrio DNA mixture with ﬁsh DNA (lane 5), pure ﬁsh DNA (lane 6) and sterile
water (lane 7).
and visualized under UV light after ethidium bromide staining. If
the V. alginolyticus was detected in either tissue (liver, spleen, kid-
ney or muscle) of a ﬁsh, the ﬁsh was  ascribed as V. alginolyticus
positive (Va+); and the same ascription was applied to V. har-
veyi positive (Vh + ) or V. parahaemolyticus positive (Vp+) ﬁsh. Each
detection was  done in duplicate in this study. Therefore, the infec-
tion rate of each Vibrio species in LYC was  calculated based on the
number of Va+, Vh+ or Vp+ ﬁsh out of total ﬁsh number.
3. Results
3.1. Multiplex PCR for detection of three pathogenic Vibrios
The reaction conditions for the multiplex PCR assay were
optimized to ensure that all of the target gene sequences were
consistently ampliﬁed. Fig. 1 shows the presence of the ampliﬁed
products after agarose gel electrophoresis, when DNA extracted
from type strains of three Vibrio species was used as the template
in the multiplex PCR. Reliable ampliﬁcation of three bands in set
A was obtained when a mixture of DNAs from there Vibrios was
tested (Fig. 1). The sizes of the amplicons obtained from the var-
ious positive control samples corresponded to the predicted sizes
(Table 1). As negative controls, the PCR assay were tested with both
pure ﬁsh gDNA and sterile water, and no amplicons were observed
(Fig. 1).
3.2. Overall infection rate of the three Vibrio species in LYC
V. alginolyticus, V. harveyi and V. parahaemolyticus were all
detected in LYC collected in both 2012 and 2013 (Fig. 2). In 2012,
a total of 326 ﬁsh was  screened for the three pathogenic Vibrio
species using MTD-PCR, and 17.48% (57/326), 20.55% (67/326), and
12.88% (42/326) of which was Va+, Vh+ and Vp+, respectively. From
450 ﬁsh collected and detected in 2013, the percentage of Va+, Vh+
and Vp+ ﬁsh was  30.67% (138/450), 22.44% (101/450), and 18.22%
(82/450), respectively.
3.3. Comparison of Vibrio infection between LYC age groupsOverall, ﬁsh in Y1 and Y2 group are more susceptible to V. algi-
nolyticus than ﬁsh in Y3 group while V. harveyi was more prevalent
in Y3 group compared to other two  groups. We also analyzed the
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Table 1
List of PCR primers used in this study.
Bacteria Targeted genes Primer names Primer sequences (5′–3′) Product size References
Vibrio alginolyticus collagenase gene VA-F cga gta cag tca ctt gaa agc c 737 Di Pinto et al. (2005)
VA-R cac aac aga act cgc gtt acc
V.  parahaemolyticus collagenase gene VP-F gaa agt tga aca tca gca cga 271 Di Pinto et al. (2005)
VP-R ggt cag aat caa acg ccg
V.  harveyi ToxR VH-F gaa gca ctc acc gat 382 Pang et al. (2006)
VH-R ggt gaa gac tca gca
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Fig. 3. Infection rate of V. alginolyticus, V. harveyi and V. parahaemolyticus in ﬁsh of
different age groups collected in 2012 (top) and 2013 (bottom). We designated ﬁsh
with an age of less than 12 months as age group Y1, from 12 to 24 months as age
group Y2, and from 24 to 36 months as age group Y3 at the time when the sampling
was conducted.ig. 2. Infection rate of V. alginolyticus, V. harveyi and V. parahaemolyticus in all ﬁsh
amples sampled in 2012 and 2013.
ata based on the sampling year (Fig. 3a and b). The analysis of
sh collected in 2012 showed that the prevalence of V. alginolyticus
as highest in Y2 ﬁsh group (21.10%), followed by Y1 ﬁsh group
17.27%) and lowest in Y3 ﬁsh group (14.02%). For V. harveyi, the Y3
sh group was most susceptible to this Vibrio species that 31.78%
34/107) of the ﬁsh in this group was detected to be Vh+ which
as higher than ﬁsh in group Y1 (19.09%) or group Y2 (11.01%). For
. parahaemolyticus, the infection rate was also highest in Y3 ﬁsh
roup (17.76%) compared to ﬁsh in Y1 group (11.82%) or Y2 group
17.76%). In 2013, most infection rates slightly increased compared
o the result of ﬁsh sampled in 2012. For V. alginolyticus, the 36.0%
54/150) of ﬁsh in Y2 group was found as Va+ which was  higher
han ﬁsh in Y1 and Y3 group with a percentage of 29.3% and 26.7%,
espectively. For V. harveyi, the infection rate in ﬁsh in Y1, Y2 and
3 group was 23.3% (35/150), 18.7% and 28.0%, respectively. For
. parahaemolyticus, the infection rate was also highest in Y3 ﬁsh
roup (24.67%, 37/150).
.4. Comparison of Vibrio infection between ﬁsh tissues
In general, percentage of Vibrio infection detected in muscle
amples was higher than that detected in other tissues (Fig. 4). In
uscle, 18.44% (83/450) of samples were positive with V. alginolyti-
us while the percentage in other tissues was ranging from 11.3%
o 13.6%. There were 11.3% (51/450) and 8.0% (36/450) of muscle
amples were Vh+ and Va+, respectively, which was greater than
he percentages in other tissues.
.5. Vibrio prevalence in LYC and sampling seasons
Fig. 5 shows that three Vibrio species were detected in a portion
f ﬁsh samples collected at each trip in 2012 and 2013. The infection
ates was lower at colder moths (May, November or December).
oreover, the prevalence of V. alginolyticus and V. harveyi were
igher than that of V. parahaemolyticus at more than half of the
amplings.
Fig. 4. Positive percentage of V. alginolyticus, V. harveyi and V. parahaemolyticus
detected in four types of tissues from all ﬁsh samples.
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alginolyticus, Vibrio cholerae, and Vibrio parahaemolyticus. J. Food Prot. 68,ig. 5. Infection rate of V. alginolyticus (Va), V. harveyi (Vh) and V. parahaemolyticus
Vp)  in ﬁsh collected at each sampling in 2012 (top) and 2013 (bottom).
. Discussion
Our data showed that Vibrio infection was a potential threat
o health of cultured large yellow croaker. During the consecutive
ears of sampling, the average infection rate of V. alginolyticus, V.
arveyi and V. parahaemolyticus in large yellow croaker was 22.0%,
0.9% and 13.8% respectively. However, the prevalence varied from
onth to month. Over the year of 2012 V. harveyi was relatively
ore prevalent in cultured large yellow croaker than other two
ibrios while V. parahaemolyticus was detected in more samples
n 2013, which indicates that there was no single dominate Vib-
io infection in large yellow croaker. A culture-dependent study
howed that V. alginolyticus, V. harveyi and V. parahaemolyticus
ere three main Vibrio species isolated from tissues of large yel-
ow croakers and no single one was a dominating species (Jin et al.,
004a,b).
Superﬁcial lesions in ﬁsh was found to be associated with Vibrio
nfection in LYC. During the sampling, ﬁsh condition was  visually
nspected and recorded (data not shown). Although less than 30%
f sampled ﬁsh was identiﬁed with visible lesion or cut (data not
hown), higher percentage of ﬁsh with cut was in coincidence with
he months of higher infection rate of Vibrio in ﬁsh. Moreover,
e found in Vibrio infection was consistently highest in muscle
Fig. 4), which indicates the muscle infection might be a result by
he intruding bacteria via the lesion or open cut in the epidermis.
ased on kinetics of the bacterial adhesion to different mucus, a
revious study has showed ﬁsh skin of large yellow croaker was
ot a primary portal of entry for V. alginolyticus (Chen et al., 2008).
owever, our ﬁnding showed that small lesions or microtrauman skin, accidentally generated during the routine manipulation or
ther reasons may  facilitate the entry of Vibrio into ﬁsh body. In a
ea cage, ﬁsh raised in a high intensity is prone to being abraded byorts 3 (2016) 220–224 223
other ﬁsh or cage facility, especially when severe weather condition
occurs.
Infection rate of Vibrios in ﬁsh increased after the impact of
typhoon. In between the start and the end of our investigation, a
total of tour typhoon events occurred in Xiangshan Bay on August
8 and September 16 in 2012, and July 26 and August 21 in 2013.
For instance, the percentage of Va+, Vh+ and Vp+ ﬁsh collected
on August 6, 2012 was 16.7%, 6.7% and 6.7% (Fig. 3), respectively,
while these numbers all increased in samples collected on August
13 and 29 after the typhoon event. Similarly, the infection rate also
increased after the passing of other three typhoon in Xiangshan Bay.
There was  a scenario that the increased infection may partially be
associated with the typhoon which possibly caused stress or phys-
ical damage in ﬁsh and then increased the ﬁsh’s susceptibility (Xu
et al., 2010).
The PCR-based method was a sensitive and rapid to screen for
the Vibrio species in ﬁsh. The conventional culture-based bacte-
rial methods for the identiﬁcation of targeted bacterial species are
reliable, but they require more days to complete than a culture-
independent molecular method (Delgado-Viscogliosi et al., 2009;
Randa et al., 2004). We  therefore applied and optimized a multi-
plex PCR-based strategy for our investigation of Vibrio species in
ﬁsh population.
In conclusion, we  investigated V. alginolyticus, V. harveyi and V.
parahaemolyticus in a LYC population cultured in Xiangshan Bay
from May  of 2012 to November 2013 using a multiplex PCR method.
The data in our investigation indicates that Vibrios can pose a health
risk to LYC in sea cages at least from May  to November in Xiang-
shan Bay, and the bacterial infection is more prevalent at warmer
months. Based the observation, the infection rate may be associated
with number of ﬁsh with skin cut and also with severe climate con-
ditions. The ﬁndings in this study suggest that reducing the chance
of causing micro-trauma or cut in ﬁsh skin may  help with resistance
to Vibrio infection. The present study also indicates that prevention
of Vibrio infection requires more efﬁcacious prophylactic strategies.
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